Crystals have been admired by humans from ancient times because of their beauty and rarity. Today crystals are the unacknowledged pillars of modern technology. Crystal growth can be viewed as an ancient science when we look into the metal casting process around 1500 BC; crystallisation of salt through the evaporation of salt-containing solutions; sugar crystallisation and so on. However, the scientific approach to crystal growth was born only in the 17 th century when Kepler (1611) correlated morphology with structure, followed by an Italian, Nicolous Steno, who explained the origin of a variety of external forms exhibited by natural quartz crystals in terms of varying growth rates in different crystallographic directions. The work carried out during the 19 th century laid a firm foundation for modern scientific and technological developments in crystal growth. During this period, growth from high temperature solution, hydrothermal and melt methods began to produce a great variety of crystals. However, the post-Second World War period marked the advent of a new era in crystal growth science. A large number of crystals exhibiting important physical properties -piezoelectric, ferroelectric, magnetic, semiconductor, superconductor, optoelectronics, etc., were increasingly produced by different techniques. In fact, crystal growth saw a seminal growth during the middle of that century up to the 1990s, and now it is almost merging with Materials Research, because of its interdisciplinary nature and also the specific size requirements.
The size of crystals required for technological applications has decreased from several inches to just several nanometres. Here the most important aspect is the control of quality, shape and size of the crystals. The use of terms like bulk crystals, small crystals, fine crystals, ultrafine crystals, nanocrystals, etc., has become much more popular in recent years. Therefore, this editor has recently proposed a new term polyscale crystals to cover the full range of sizes from bulk single crystals to nanocrystals. Accordingly, a new branch of science has emerged, especially in Japan, and there are already one or two laboratories with names like the Laboratory for Polyscale Technology. The idea behind this is the concept of the size quantisation effect, which has led to a major revolution in nanotechnology. The properties of bulk single crystals are different from those of nanocrystals. In the growth of crystals for Polyscale Technology, the solution routes are known to be the best methods, especially the hydrothermal growth method which can provide crystals or crystalline materials in different sizes unlike other solution routes like high temperature solution or melt techniques, which mainly produce bulk crystalline materials. advanced so much that materials once synthesised in the early days under high pressure and temperature conditions (particularly during the second half of the last century) can now be synthesised under much lower temperature and pressure conditions owing to developments in the areas of hydrothermal solution chemistry, thermochemical modelling, and hydrothermal physical chemistry on the whole. The kinetics and thermodynamic relations of several complicated systems are now understood more or less precisely. For example, during the 1970s, alkali rare earth tungstate small crystals were synthesised at T5700-900uC, P52-4 kbar, but, during the mid 1990s, the same crystals were synthesised at T5250uC, P,60 bar.
An understanding of hydrothermal solution chemistry is very important to achieve such success. Thermodynamic modelling provides the optimum conditions such as precise P-T conditions, pH, and solvent selection for a given compound without any actual experiment. In addition, one can select the desired size and shape of the material being synthesised under hydrothermal conditions. Similarly, with the help of surfactants, surface modifiers, or organic capping agents, we can modify the surface according to our requirements. We can tailor the surface charge either to hydrophobic or hydrophilic to suit the applications. These developments have led to the in situ fabrication of functional products or one-step processing of advanced materials. Such developments have drastically reduced the cost of processing of materials on the whole and also made the hydrothermal technique environmentally benign. The progress achieved in the area of supercritical hydrothermal technology is phenomenal. With the invention of Green Chemistry in the early 1990s, there was a surge in the popularity of supercritical fluid technology. Green Chemistry is important because supercritical fluids, particularly supercritical CO 2 (scCO 2 ) and, to a more limited extent, scH 2 O are perceived as environmentally more acceptable replacements for petroleum-based solvents, which are currently used in the world's chemical industries. Using this supercritical hydrothermal technology, fine crystals to nanocrystals of different organic, inorganic, and hybrid materials have been fabricated with desired shape, size, and surface charge such that these materials have found suitable applications in microelectronics, biomedicine, energy storage, etc. The use of non-aqueous solvents has also made this hydrothermal technique more efficient and led to lower temperature and pressure conditions of processing. Thus, with the availability of thermodynamic data for a large number of systems, it is possible to realize the instant hydrothermal synthesis of crystals or materials with desired properties as mentioned above. Such developments, especially in the processing of nanomaterials, have inspired this editor to imagine the possibility of future concepts like Nanovending machines or instant hydrothermal systems.
Hydrothermal-boiling in water-along with hot-forming or forging of any kind, represents humanity's early discovery of the 'multi-energy' concept. Recently, the hydrothermal technique has received increasing attention from materials researchers as one of the most important processing methods for the future especially when an additional external energy source like microwave, sonar, electrochemical, mechanical, biological molecules, etc., is added. This kind of multi-energy processing not only helps in the enhancement of the kinetics of materials processing, but also takes us to a new concept called chemistry at the speed of light. Although such multi-energy processing of materials has highly complex, still under-developed thermodynamics, the future of such a method is more assured because of its efficiency, speed, cost effectiveness, and quality of the products. Despite the fact that this technique is suitable largely for fine crystals to nanocrystals and less so for bulk single crystals like quartz, the technique is still highly prospective. The future of Polyscale Crystal Technology and Polyscale Materials Technology is sure to benefit from such advanced multi-energy processing methods.
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